(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 







(11) 



EP 1 640 402 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

29.03.2006 Bulietin 2006^3 

(21) Application number: 04746258.5 

(22) Date of filing: 16.06.2004 



(51) Intel.: 

C08G 73/1 Of^^^^'^^ 
G02F 1/1337(^^^^^^ 
HOSB 33n4<^^^> 



C07D 241/42<^^^^'^^> 
H01L 29/7S6(^^^^^^> 
H05B 33/22<^^^> 



(86) international application number 

PCT/JP2004/008789 



(87) International publication nunr^en 

WO 2004/111108 (23.12.2004 Gazette 2004/52) 



(84) 


Designated Contracting States: 


• MIYAMOTO, Hisae; 




AT BE BG CH CY CZ DE DK EE ES Fl PR GB GR 


c/o Chemical Research Laboratorie 




HU IE rr LI LU MC NL PL PT RO SE SI SK TR 


cho, Funabashl-shi 






Chlba 2748507 (JP) 


(30) 


Priority: 17.06.2003 JP 2003172126 


• CHIKAMA, KatsumI; 


c/o Chemical Research Laborator . 


(71) 


Applicant Nissan Chemical Industries, Ltd. 


Funabashl-shI 


Chlyoda-ku, 


Chiba 2748507 (JP) 




Tokyo 101-0054 (JP) 


(74) Representative: Stoner, Gerard Patrick 






(72) 


Inventors: 


Mewburn Ellis LLP 


• 


NAGASAKI, Yukio 


York House 




Morlya-shl, IbarakI 3020128 (JP) 


23 KIngsway 


• 


FURUSHO, HitoshI; 


London WC2B 6HP (GB) 




c/o Specialty Materials Research 






722-1, Funabashl-shl,Chiba 2 (JP) 





(54) DIAMINE HAVING QUINOXALINE UNIT, POLYIMIDE PRECURSOR, POLYIMIDE AND USE 
THEREOF 



(57) A diamlnobenzene compound Is disclosed which is represented by the fomiula (1). By reacting this compound 
with a tetracarboxyiic acid (derivative), there can be obtained a poiyimide which has charge earner transport properties 
and is excellent in heat resistance, film strength and thin-film properties. 




Printed by Jouve. 76001 PARIS (PR) 



EP 1 640 402 A1 

Description 

TECHNICAL FIELD 

5 [0001] The presentinventioni^latestoadiamlnobenzene compound, apolyimideprecursororapol^^ 

from the diaminobenzene compound, and usage of the poiyimide in the fomi of thin film. IVIore particularly, the present 
invention relates to a diamine compound with quinoxaline units and also to a poiyimide precursor or a poiyimide syn- 
thesized from the diamine compound. The diamine compound is useful as a monomer for industrial production of a 
charge carrier transporting polymer. 

10 

BACKGROUND ART 

[0002] Poiyimide is a linear polymer obtained by reaction between a tetracarboxyllc acid dianhydride and a diamine, 
it is characterized by high tensile strength, high toughness, good electrical insulation, good chemical resistance, and 
IS good heat resistance. 

[0003] For this reason, poiyimide is used in the fonn of heat-resistant film, coating film, adhesive, molding resin, 
laminate resin, and fiber. Because of Its outstanding characteristics, poiyimide has found use In a variety of applications 
including automoth^e parts, special machine parts, electrical and electronic parts, and spacecraft materials. It has also 
found use in the field of semiconductor elements and liquid crystal display elements. Examples of its use Include Insulating 

20 film (as disclosed in Japanese Patent Lald-Open No. IHei 5-21 705), bufferfilm (as disclosed in Japanese Patent Laid-Open 
No. Hal 1 1 -347478), protective film, and alignment layer for liquid crystal display elements. 
[0004] Conventional poiyimide, however, has a disadvantage arising from its high insulating power that leads to static 
build-up. For example, a poiyimide film accumulates electric charges therein upon voltage application. Static charge in 
poiyimide poses many problems with element characteristics and element manufacturing process. Thus, there has been 

25 a demand for a poiyimide resin which has a low electrical resistance for less charge build-up while retaining Its many 
characteristic properties. 

[0005] The lowering of polyimide's electrical resistance has been attempted in several ways, which include incorpo- 
ration with metal powder, conductive metal oxide, or carbon black (as disclosed In Japanese Patent Laid-Open No. 
2002-292656) and incorporation with an Ionic surface active agent (as disclosed In Japanese Patent Laid-Open No. Hel 
30 7-330650). Poiyimide thin film produced by these methods is uneven in thickness, poor in clarity, or heavy with ionic 
impurities, so that it is not suitable for electronic devices. 

[0006] Among known conductive polymers (or low-resistance polymeric materials) are polyaniline, polypyrrole, and 
polythlophene. They are produced respectively from aniline, pyrrole, orthiophen (including their derivatives) as monomer 
by oxidative polymerization with the help of an oxidizing agent or by electrochemical polymerization. 
35 [0007] It is generally known that the thus obtained conductive polymers exhibit high conductivity upon doping with a 
Lewis acid. The doped conductive polymer finds use as an antistatic agent and an electro-magnetic wave shielding 
material. (See "Handbook of Conducting Polymers", pp. 13 to 15 and 518 to 529, by Teije A. Skotheim and Ronald L 
Eisenbaumer, 2nd ed., 1998, published by Marcel Dekker. Inc.) 

[0008] Unfortunately, the conductive polymer prepared by polymerization as mentioned above is usually poor in sol- 
40 ubility in solvents. Moreover, its solution or dispersion in an organic solvent merely gives a thin film whteh is poor in 
mechanteal strength. Thus it Is difftoult to make it into a tough thin film. 

[0009] Although some conductive polymers are soluble In organic solvents, their solutions (in varnish form) are highly 
unstable and subject to gelation in most cases. 

[0010] As mentioned above, conventional poiyimide has many shortcomings such as, high Insulating performance, 
45 easy static charging, and static build-up due to voltage application. On the other hand, conductive polymers free of these 
shortcomings are still unsatisfactory in solution stability and thin film properties. So. there has been A demand for a new 
conductive polymer free of these shortcomings. 

DISCLOSURE OF INVENTION 

so 

[0011] The present Invention was completed in view of the foregoing. It Is an object of the present invention to provide 
a diaminobenzene compound which gives a poiyimide film (or thin film) which has high heat resistance and low electrical 
resistance and Is capable of charge cannier transportation. It Is another object of the present invention to provide a 
poiyimide precursor (or polyamto acid) and a poiyimide, which are obtained from the diaminobenzene compound. It is 
55 further another object of the present invention to provide the usage of the poiyimide thin film. 

[0012] In order to address the above-mentioned problems, the present inventors carried out extensive studies on how 
to Improve the charge carrier transport of poiyimide thin film, how to improve the strength of poiyimide coating film, and 
how to Improve the stability of poiyimide varnish. As the result, it was found that a poiyimide and a precursor thereof 



2 



EP1640 402 A1 



which are derived from a diamlnobenzene compound represented by formula (1 ), which has quinoxallne units (or which 
has quinoxallne skeletons In the main chain), exhibit stable electrical and mechanical properties. This finding led to the 
present invention. 

[001 3] The present invention covers the following aspects [1 ] to [1 2]. 
[1] A diamlnobenzene compound represented by formula (1) below. 




(where and each independently denotes a hydrogen atom, alky) group, or alkoxyl group.) 

[2] The diamlnobenzene compound as defined in [I], wherein R^ and R^ each Independently denotes a C^.^o alky! 

group, C^.2o alkoxyl group, or fluoroalkyi group. 

[3] A polyimide precursor which includes repeating units represented by fonnula (2) below. 



H H 




H H 



(where R^ and R^ each Independently denotes a hydrogen atom, alkyi group, or alkoxyl group; "A" denotes a residue 

of tetracarboxylk: acid; and n denotes an integer of 1 to 5000.) 

[4] A polyimide which includes repeating units represented by fonrtula (3) below. 
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H H 



(where and R2 each independently denotes a hydrogen atom, alky! group, or alkoxyl group; "A" denotes a residue 
of tetracarboxyllc acid; and n denotes an Integer of 1 to 5000.) 

[5] A polyimide precursor which is obtained by reaction between a diamine component containing at least 1 mol% 
of the diamlncbenzene compound defined In [1] or [2] and a tetracarboxyllc acid or a derivative thereof. 
[6] The polyimide precursor as defined In [5], wherein the tetracarboxyllc acid or the derivative thereof Is an aromatic 
tetracarboxyllc acid or a derivative thereof. 

[7] The polyimide precursor as defined in [6]. wherein the aromatic tetracarboxyllc acid is a tetracarboxyllc acid 
having phenyl groups or substituted phenyl groups. 

[8] A polyimide which is obtained by ring-closing reaction from any of polyimide precursors as defined In [5] to [7]. 

[9] A charge can'ler transporting film which is fomned from the polyimide as defined in [4] or [7]. 

[1 0] An organic transistor device which is the charge cannier transporting film as defined in [9]. 

[11 ] An organic light-emitting diode which has at least one layer of the charge carriertransporting film as defined In [9]. 

[12] A fluorescent filter which Is the charge carrier transporting film as defined In [9]. 

[13] A liquid crystal alignment film which is the charge carrier transporting film as defined in [9]. 

[0014] The diaminobenzene compound according to the present invention is easy to synthesize, and It can be made 
Into a polyimide which Is excellent In heat resistance, coating film strength, and thin film properties and Is capable of 
charge canlertransportatibn. The resulting polyimide gives a potylmlde film which has a lower electrical resistance than 
conventional one and Is capable of transporting charge can'iers. Therefore, the polyimide film will find use as organic 
transistor device, organic light-emitting diode, fluorescent fitter, liquid crystal alignment layer, and other electronic device 
coatings and electronic materials. 

BRIEF DESCRIPTION OF DRAWINGS 
[0015] 

Fig. 1 is a diagram illustrating the dependence on frequency of the integer part (e) of the polyimide thin film in 
Example 9; 

Fig. 2 is a diagram illustrating the behavior of earners in the polyimide thin film In Example 9; 
Fig. 3 Is a diagram Illustrating the cun^ent-vojtage characteristics of the polyimide thin film In Examples 1 5 to 1 7; and 
Fig. 4 is a diagram illustrating the voltage-luminance characteristics of the organic light-emitting diode with the 
polyimide thin film in Examples 18 to 20. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 6] The invention will be described below in more detail. 

[001 7] According to the present invention, the diaminobenzene compound having qulnoxallne units is represented by 

fomfiula (1). It can be readliy synthesized and it finds use as a raw material for polyimide and polyamide. 

[001 8] The diaminobenzene compound represented by formula (1 ] Is composed of a diamine moiety and a qulnoxallne 
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moiety. It can be synthesized by any method which is not specifically restricted. Atypical example of synthesis method 
is given below. 

[0019] Rrst, a nitre compound represented by fonnula (4) 

5 



10 




Is synthesized, and then It is reacted with a benzyl compound represented by fonnula (5) In methanol In the presence 
of acetic acid. 

15 




45 r2 



[0020] Finatty, the reaction product has its nitro groups converted into amino groups by reduction with hydrogen in 
the presence of palladium carbon catalyst. 

50 [0021] The substHuent groups R** and are usually hydrogen, but they may be allcyl, alkoxyl, orfluoroall<yl groups 
for increased solvent solubility. These groups usually have a carbon number of 1 to 4 but possibly have a carbon number 
up to 20. Incidentally, in formulas (1) to (6), the substituent groups with identical symbols may be the same or different. 
[0022] After synthesis as mentioned above, the resulting diaminobenzene compound of the present Invention, which 
is represented by fomnuia (1), undergoes polycondensation with a tetracarboxylic acid or a derivative thereof, such as 

ss tetracarboxylic acid dihalide and tetracarboxylic acid dlanhydride. Thus there is obtained a poiylmlde precursor repre- 
sented by fonnula (2), which has in the main chain a quinoxaline derivative capable of carrier transportation. 
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H H 




(where "A" denotes a residue of tetracarboxylic acid; and n denotes an Integer of 1 to 5000.) 

[0023] Then, this polylmlde precursor undergoes dehydtBtion ring-closing reaction. Thus there is obtained a polyimide 

having repeating units represented by formula (3). 




H H 

(where "A" and n are defined as above.) 

[0024] The following are typical examples of the tetracarboxylic acid and derivatives thereof. Aromatic tetracarboxylic 
acid, dlanhydride thereof, and dicarboxylic acid diacyl hallde thereof, such as pyrometlitlc acid, 3,3,3',4,4'-benzophe- 
nonetetracarboxyilc acid, 3,3',4,4'-btphenyltetracatboxyllc add, 2,3,3\4-blphenyltetracarboxyllc acid, bis(3,4-dlcarbox- 
yphenyl)ether, bis(3,4-dicarboxyphenyl)sulfone, bis(3,4-dicarboxyphenyl)methane, 2,2-bls(3,4-dlcarboxyphenyl)pro- 
pane, 1,1,1 ,3,3,3-hexafluoro-2,2-bls(3,4-dlcarboxyphenyl)propane, bis(3,4-dlcarboxyphenyl)diphenylsllane, 2,3,6,7- 
napththaienetetracarboxyiic acid, 1,2,5,6-naphthaIenetetracarboxylic acid, 1 .4,5,8-naphthalenetetracarboxyllc acid, 
2,3,4,5-pyridinetetracaboxylic acid, 2,6-bls(3,4-dicarboxyphenyl)pyrid]ne. Aiicycllc tetracarboxylic acid, dlanhydride 
thereof, and dicarboxylic acid diacyl hallde thereof, such as 1 ,2,3,4-cyclobutanetetracarboxllc acid, 1 ,2,3,4-cyclopenta- 
netetracarboxylic acid, 2,3,5-tricarboxycyclopentyiacetic acid, and 3,4-dicart)oxy-1,2,3,4-tetrahydro-1-naphthalenesuc- 
cinic acid. Aliphatic tetracarboxylic acid, dlanhydride thereof, and dicarboxylic acid diacyl hallde thereof, such as 
1 ,2,3,4-butanetetracarboxylic acid. 

[0025] Of the tetracarboxylic adds and derivatives thereof mentioned above, aromatic tetracarboxylic adds and de- 
rivatives thereof are preferable, and aromatic tetracariaoxylic acids and derivatives thereof having phenyl groups or 
substituted phenyl groups are more preferable. In the latter case, the substituent group in the substituted phenyl group 
may be a C^.^q all<yl group or alkoxyl group, preferably a alkyi group or ali<oxyl group. Two or more species of 
tetracarboxylic acid and derivative thereof may be used in combination. 
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[0026] The polyimide of the present invention may be obtained from any diamine compound which contains as an 
essential component the diaminobenzene derivative represented by formula (1), which is abbreviated as diamine (1) 
hereinafter. Copolymertzation of diamine (1 ) and a tetracarboxylic acid derivative or copolymerization of diamine (1), an 
ordinary diamine other than diamine (1), and a tetracarboxylic acid or derivative thereof yields the desired polyimide 
5 which has in the main chain a quinoxallne derivative capable of carrier transportation. 

[0027] The ordinary diamine that can be used is not specifically restricted so long as it Is a primary diamine suitable 
for polyimide synthesis. Its typical examples are listed below. 

[0028] Aromatic diamines such as p-phenylenediamine, m-phenylenediamine, 2,5-dlaminotoluene, 2,6-diaminotolu- 
ene, 4,4'-diaminobiphenyl, 3,3'-dimethyl-4,4'-dlaminobiphenyl, diaminodlphenylmethane, diaminodiphenyl ether, 2,2*-di- 
10 amlnodlphenyipropanep bis(3,5-diethyl-4-aminophenyi)methane, diaminodiphenylsulfone, diamlnobenzophenone, dl- 
amlnonaphthalene, 1 ,4-bis(4-aminophenoxy)benzene, 1 ,4-bls(4-amlnopheny!)benzene, 9,1 0-bis(4-aminophenyl)an- 
thracene, 1 ,3-bis(4-aminophenoxy)benzene, 4,4 -bis(4-aminophenoxy)diphenylsulfone, 2,2-bls[4-(4-aminophenoxy) 
phenyQpropane, 2,2-bis(4-amlnophenyl)hexafluoropropane, and 2,2-bis[4-(4-amlnophenoxy)phenyl]hexafluoropro> 
pane. 

IS [0029] AUcycllc diamines such as bls(4-amlnocycIohexyl)m6thane and bls(4-amlno-3Hmethylcyclohexyl)methane. 
[0030] Aliphatic diamines such as tetramethylenediamine and hexamethylenediamine. 
[0031] Additional examples include diaminosiloxanes represented by the following formula. 

CH3 CH3 

H2N-(CH2)3-(SI0terS«-(CH2)3-NH2 

2S CH3 CH3 

(where m is an integer of 1 to 1 0.) 

[0032] These diamines may be used alone or In combination with another. 
30 [0033] Diamine (1 ) may be used in combination with an ordinary diamine for synthesis of the polyimide of the present 
invention. In this case the amount (in molar ratio) of diamine (1) in the total amount of diamines should be properly 
controlled so that the resulting polyimide has improved surface characteristics such as water repellency. 
[0034] The molar ratio of diamine (1) to the total amount of diamines should be no less than 1 mol%, preferably no 
less than 5 mol%. 

35 [0035] According to the present invention, the polyimide precursor is prepared by polymerization reaction between a 
tetracarboxylic acid (or a derlvath^e thereof) and a combination of diamine (1 ) and an ordinary diamine. The precursor 
is made into an imide by ring-closing reaction. The tetracarboxylic acid (or a derivative thereof) for this reaction Is usually 
tetracarboxylic acid dianhydride. 

[0036] The molar ratio of tetracarboxylic acid dianhydride to diamines (combination of diamine ( 1 ) and ordinary diamine) 
40 should preferably be from 0.8 to 1.2. As In the case of ordinary polycondensatlon reaction* the closer to 1 the molar 
ratio, the larger the molecular weight of the resulting polyimide precursor (or polyimide). 

[0037] The polyimide precursor (or polyimide) having an excessively small molecular weight will give a coating film 
poor in strength. Conversely, the polyimide precursor (or polyimide) having an excessively large molecular weight will 
give a thin film poor In unlfomnity and workability. Therefore, the polyimide precursor (or polyimide) according to the 
45 present Invention should have a weight-average molecular weight of 10,000 to 1,000,000 measured by GPC (Gel 
Pemieation Chromatography). 

[0038] The method for polymerization reaction between tetracarboxylic acid dianhydride and diamine is not specifically 
restricted. It usually involves dissolving a primary diamine in an organic polar solvent (such as N-methylpyrrolldone, N, 
N-dimethylacetamlde, and N,N-dlmethylformamlde), adding to the resulting solution a tetracarboxylic acid dianhydride, 
50 thereby synthesizing a polyimide precursor, and perfomriing dehydration ring-closing reaction, thereby forming the desired 
Imide. 

[0039] The reaction between tetracarboxylic acid dianhydride and diamine to form a polyimide precursor should be 
canied out at temperatures ranging from -20*'C to ISO^'C, preferably from •S^'C to lOO^'C. This polyimide precursor can 
be converted Into a polyimide by dehydration with heating at lOO^'C to 400''C or by chemical imldization with the help of 
55 a catalyst such as triethylamine/acetic anhydride. 

[0040] The polyimide thin film according to the present invention may be obtained by applying a solution of polyimide 
precursor to a substrate and then Imidizing it by heating on the substrate. The solution of polyimide precursor may be 
the polymer solution obtained as mentioned above. Alternatively, it may be prepared by placing the polyimide precursor 
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in a large amount of poor solvent, such as water and methanol, for precipitation, recovering precipitates, and dissolving 
recovered precipitates again in a solvent 

[0041] No specific restrictions are imposed on the solvent in which the polyimlde precursor is dissolved or the solvent 
in which recovered precipitates are dissolved again, so }ong as it dissolves the polyimide precursor. Examples of such 

5 solvents include N-methylpyrroiidone, N,N-dimethylacetamide, and N,N-dimethylfonnamlde. They may be used alone 
or in combination with one another. They may also be combined with any other solvent to give a unifomi solvent Such 
solvents Include ethyl cellosolve, butyl cellosolve, ethyl carbitol, butyl carbitol, ethyl carbitol acetate, and ethylene glycol. 
[0042] The solution of polyimide precursor may be incorporated with a coupling agent in order to achieve better 
adhesion between the polyimide thin film and the substrate. Imidization by heating may be accomplished at any tern- 

10 perature ranging from 1 0O^C to 400''C, preferably 1 50^C to 350X. 

[0043] In the case of a solvent-soluble polyimide, it is possible to prepare a polyimide solution by reacting a tetracar- 
boxyllc acid dianhydride with a primary diamine and then imidizing the resulting polyimide precursor in the solution. 
Conversion of the polyimide precursor into the polyimide in the solution may usually be accomplished by heating for 
dehydration ring-closing reaction. The reaction temperature is ISC'C to SSO^C, preferably 120*^0 to 250''C. 

IS [0044] It is also possible to convert a polyimide precursor into a polyimlde by ringK:losing reaction with the help of any 
catalyst for dehydration ring-ctosing reaction. The thus obtained polyimide solution may be used as such. Aitematively. 
it may be placed in a poor solvent (such as methanol and ethanol) for precipitation and the resulting precipitates are 
dissolved again in an adequate solvent to give the desired solution. No restrictions are Imposed on the solvent for 
redissolutlon so long as It dissolves the polyimlde. Examples of such solvents include 2-pynx)lidone, N-ethylpyrrolidone, 

20 N-vinylpyrroiidone, and y-butyi lactone, in addition to those mentioned above in relation to polyamlde precursors. These 
solvents may be used In combination with other solvents (mentioned above) If their dissolving power is not enough. 
[0045] The polyimide solution may be Incorporated with a coupling agent in order to achieve better adhesion between 
the polyimlde thin film and the substrate. It is possible to f omi a polyimide thin film on a substrate by applying the polyimlde 
solution onto a substrate and then evaporating the solvent. The temperature for solvent evaporation is usually BO^'C to 

25 150^C. 

[0046] The manner of coating Is not critical and Includes, for example, a dipping method, a spin coating method, a 
transferring printing method, a roll coating method, a brushing method, and the like. 



30 



EXAMPLE 

[0047] The invention will be described in more detail with reference to the following synthesis examples, examples, 
and comparative examples, which are not intended to restrict the scope thereof. 



35 



Synthesis Example 1 

Synthesis of 1-n1tro-2,3-diamlnobenzene 

[0048] 



40 



45 



NH2 Na2S 9H2O NH2 

^ M.OH ■ ^ 

[0049] In 225 ml of methanol was dissolved 14 g of commercial 1-amino-2,5rdinitrobenzene. To the solution was 
so added dropwise through a dropping funnel a solution of sodium sulfide (60 g) and sodium hydrogen carbonate (21 g) 
dissolved In water (240 g), with the reaction temperature kept at GCC. The reaction solution was stirred at 60^C for one 
hour. 

After the completion of reaction, the reaction solution was cooled to room temperature and filtered. 
M/z (FD+) 153 (calculated: 153.1396) 
55 IH-NMR (CDCI3, appm) 7.72, 7.70. 7.24, 6.92, 6.62, 6,60, 6.59, 5.92, 3.40 
Yield: 7.79 g (yield ratio:66.5%) 
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Synthesis Example 2 

Synthesis of 1 ,4-bis[5-nitro-3-phenylquinoxalin-2-yl]benzene 
5 [0050] 



10 



15 



20 




[0051] In a 1 :1 mixed solvent of acetic add and methanol were dispersed 1-nitro-'2,3-dlaminobenzene (3.06 g) and 
25 1 ,4-blsbenzyl. The resulting dispersion was stirred at 60^C for 3.5 hours under a nitrogen atmosphere. Afterthe completion 
of reaction, the reaction system was cooled to room temperature. Precipitates were filtered off and washed with methanol. 
Upon drying, there was obtained the desired product 
Wz (FD^) 575 (calculated: 576.56) 
Yield: 6.35 g (yield ratio: 95%) 

30 

Example 1 

Synthesis of 1,4-bis[5-amlno-3-phenylquinoxaiin-2-yl]benzene 

35 [0052] 



40 



45 



SO 



55 




[0053] In TIHF (300 g) was dissolved 1 ,4'bis[5-nrtro-3-phenylqulnoxaniin-2-yi]benzene (2.37 g). With the atmosphere 
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replaced with nitrogen, PdC (1 .14 g) was added. The atmosphere in the reaction system was replaced with nitrogen. 
Then, a prescribed amount of hydrogen was added, and stirring was continued at room temperature for 48 hours. After 
the completion of reaction, precipitates were filtered off and washed with methanol until washings became colorless. 
After drying, the precipitates were purified by passing through a silica gel column to give the desired product. The eluent 
was chloroform. 

M/z (FDf) 515 (calculated: 516.59) 
Yield: 1.05 g (yield ratio: 49.5%) 

Examples 2 to 4 

Syntliesis of polyimide precursor 
[0054] 




[0055] An add dlanhydride represented by one of the following fomnulas 1 to 3 was reacted with 1,4-bls[5-amino- 
3-phenylquioxarm-2-yl]benzene in NMP with stirring under the conditions shown in Table 1. This reaction gave the 
polyimide precursor represented by fomnula (7), where "A" denotes a residue of tetracarboxylic acid. Table 1 also shows 
the conditions of polymerization and the molecular weight of the resulting polymer. 




0 

12 3 
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Table 1 



5 


Example 


Acid dianhydride (mol) 


Diamine (mol) 


*i Solvent 


Pol\/meri7atinn 

conditions 
Temperature (^C) 
Time (hr) 


GPC (Peak top) 
Av. mol. weight (Mn) 


10 


2 


1 

(1.9 mmol) 


1.9 mmol 


NMP 


25 

144 


24539 
(Mpeak top) 
22488 (Mn) 




3 


2 

(5.0 mmol) 


5.0 mmol 


NMP 


25 
144 


47950 
(Mpeak top) 
(36493 (Mn) 


IS 


4 


3 

(5.0 mmol) 


5.0 mmol 


NMP 


25 
144 


25941 

(Mpeak top) 
22495 Mn) 


20 


*1: Concentration of solids 20% by weight 

(After reaction, the concentration of solids was adjusted to 5% by weight by adding NMP.) 



Synthesis Example 3 

Synthesis of 1,3-bis[(4-tert-butylphenyl)glyoxaioyl]benzene 

25 

[0056] 



30 
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[0057] 2.66 ml of 1 ,4-dibromobenzene was dissolved in triethylamine (70 ml) and pyridine (30 ml). With dissolved 
oxygen removed, Pd(Ph3)2Cl2 (0.3 g), triphenylsulfone (0.6 g), and copper iodide (Cul) (0.1 g) were added. Dissolved 
oxygen was removed again. To the solution was added dropwlse with stining a solution of 4-tert-butylphenylacetylene 

45 (9 ml) dissolved in pyridine (9 ml). The reaction temperature was kept at 70^C. Reaction was continued for 24 hours at 
70''C. An excess amount of dilute hydrochloric acid was added to the reaction product to cause precipitation. Precipitates 
were filtered off and extracted by chlorofomri. The crude product separated by filtration was washed with dilute hydrochloric 
acid and water. The washed crude product was recrystallized from 2-propanot. Thus there was obtained 1,3-bis 
[4-tert-butylphenylethynyQbenzene In the fomi of colorless crystals. 

50 M/z (FD-t-) 389 (calculated: 390.56) 

[0058] One gram of the colorless crystals was dissolved in 400 ml of acetone. The resulting solution was added to a 
solution of sodium hydrogen caitonate (0.5 g) and magnesium sulfate (2.5 g) dissolved in 60 ml of water. To the thus 
obtained solution was added 2.3 g of potassium pemnanganate, and the reaction solution was stinted for 4 hours. The 
reaction solution was acidified with dilute sulfuric acid. NaNOg was added to suspend the oxidation reaction. Manganese 

55 oxide was filtered off, and the desired product was extracted with a 1:1 mixed solvent of hexane and ether. Upon 
recrystaliization from ethanol, there were obtained yellowish crystals (yield ratio: 83%). 
M/z (FD^) 453 (calculated 454.56) 
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Synthesis Example 4 

Synthesis of 1,4-bis[3-(4-tert-buty1phenyl)-5-nitroquinoxalin-2-yqbenzene 
[0059] 




[0060] In a 1:1 mixed solvent of acetic acid and methanol were dispersed 3.06 of 1-nitro-2,3-dlaminobenzene and 
9.10 g of 1,3-bis[(4-tert-buty1phenyl)glyoxyaIoyl]benzene. The dispersion was stirred under a nitrogen atmosphere at 
SO^'C for 3.5 hours. Afterthe completion of reaction, the reaction system was cooled to room temperature, and precipitates 
were filtered out and washed with methanol. Upon drying, there was obtained the desired product. 
M/z (FD-h) 667 (calculated: 688.77) 
Yield: 5.35 g (yield ratio: 38.9%) 

Example 5 

Synthesis of 1,4-bls[3-(4-tert-butylphenyl)-5-amlnoqulnoxaiin-2-yl]benzene 
[0061] 
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[0062] In THF (300 g) was dissolved 3.44 g of 1 ,4-bls[3*(4-tert-buty!phenyl)-5-n!troqulnoxalln-2-yl]benzene. With at- 
mosphere in the reaction system replaced with nitrogen, 1 .1 4 g of PdC was added. With the atmosphere In the reaction 
system replaced with nitrogen, a prescribed amount of hydrogen was added. Stirring was continued at room temperature 
for 48 hours. After the completion of reaction, precipitates were filtered off and washed with methanol until washings 
became colorless. After drying, the precipitates were purified by using a silica gel column. Thus there was obtained the 
desired product in the fonn of yellowish fine powder. The eluent was chlorofomn. 
M/z (FD+) 627 (calculated: 628.81) 
IR: 3350 cm-i (vNH), 1550 cm-i (vNO), 1370 cm""" (vNO), 
1320 cm-'' (vCN), 1220 cm '' (vCO), 820 cm'^ 
(1 ,4-dl-substItuted benzene) 

Examples 6 to 8 

Synthesis of polylmide precursor 
[0063] 
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[0064] A tetracarboxylic add dianhydride represented by one of the following formulas 1 to 3 was reacted with 1 ,4-bls 
[3-(4-tert-butylphenyl)-6-aminoquinoxalin-2-yl]ben2ene in NMP with stirring under the conditions shown in Table 2. This 
reaction gave the potyimide precursor represented by fomnuia (8), where 'A' denotes a residue of tetracarboxylic acid. 
Table 2 also shows the conditions of polymerization and the molecular weight of the polymer. 




0 

12 3 



Table 2 



Example 


Acid dianhydride (mol) 


Diamine (mol) 


*i Solvent 


Polymerization 
conditions 

Temperature (**C) 

Time (hr) 


Molecular weight 

GPC (Peal< top) 
Av. mol. weight (Mn) 


6 


1 

(5.0 mmol) 


5.0 mmol 


NMP 


25 
144 


35760 
(Mpeak top) 23495 
(Mn) 
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Table continued 



5 


Example 


Acid dianhydride (mol) 


Diamine (mol) 


*i Solvent 


Polymerization 

conditions 

Temperature (*C) 
Time (hr) 


Molecular weight 

GPC (Pealctop) 
Av. mol. weight (Mn) 


10 


7 


2 

(5.0 mmol) 


5.0 mmol 


NMP 


25 
144 


57430 
(Mpeak top) 42382 
(Mn) 


8 


3 

(5.0 nnmol) 


5.0 mmol 


NMP 


25 
144 


36580 
(Mpeal( top) 24256 
(Mn) 


IS 


*1 : Concentration of solids 20% by weight 

(After reaction, the concentration of solids was acOusted to 5% by weight by adding NMP.) 



Examples 9 to 14 

Charge transporting capability of polyimide thin film, and evaluation of charge can-ier transporting film 

[0065] Each sample of the polyimide precursors (in varnish form) obtained in Examples 2 to 4 and 6 to 8 was applied 
to a cleaned ITO-coated glass substrate by spin coating. The coating step was followed by baking at 200''C for one 
hour. There was obtained a polyimide thin film. This thin film was provided with an aluminum electrode by vapor deposition. 
The thin film was tested for impedance to confimn that it was correctly formed. The charge transporting capability in the 
thin film was examined by the TOP method. 

[0068] The graph in Rg. 1 shows the frequency dependence of the integer part (e) of the polyimide thin film (obtained 
from the polyimide precursor varnish in Example 9). This result suggests that the thin film was correctly formed. 
[0067] All the samples of the polyimide thin film in Examples 9 to 1 4 gave the same results as mentioned above. Thus, 
they were tested by the TOP method for their ability to transport carriers therein. The graph in Fig. 2 typically shows the 
behavior of carriers in the polyimide thin film. 

[0068] It is noted from the graph in Fig. 2 that caniers run for about 200 \i second in the thin film. Table 3 below shows 
the running time of caniers in the sample of the polyimide thin film in Examples 9 to 14. 



Table 3 



Polyimide 


Polyimide precursor 


Ru nning time (jji sec) 


Example 9 


Example 2 


200 


Example 10 


Example 3 


150 


Example 11 


Example 4 


185 


Example 12 


Example 6 


210 


Example 13 


Example 7 


175 


Example 14 


Example 8 


200 



Examples 15 to 17 

Evaluation of the rectifying characteristics of polyimide thin film 

50 

[0069] Each sample of the polyimide precursorvamishes obtained in Example 2 to 4 was applied to a cleaned ITO-coat- 
ed glass substrate by spin coating. The coating step was followed by baking at 200°C for one hour. Thus there was 
obtained a polyimide thin film. On this thin film was fonned an aluminum electrode by vapor deposition. The thin film 
was tested for impedance to confine that it was correctly fomied. The thin film was further tested for cun^nt-voitage 
5$ . characteristics. It was found that the thin film exhibits the rectifying characteristics. The results are shown in Fig. 3. 
[0070] The element tested has a laminate structure composed of an ITO electrode, a polyimide layer (fonned by spin 
coating), and an aluminum layer (fonned by vapor deposition) which are placed one over another. 



15 



EP1640 402 A1 

[0071] Incidentally, in Fig. 3, denotes the polylmide thin film of Example 16 (which is obtained from the polyimide 
precursor varnish of Example 2), "O* denotes the polyimide thin film of Example 1 6 (which is obtained from the poiyimide 
precursor varnish of Example 3), and denotes the polyimide thin film of Example 17 (which is obtained from the 
polyimide precursor vamish of Example 4). 

5 

Examples 18 to 20 

Organic light-emitting diode with polyimide thin film 

10 [0072] A sample of organic light-emitting diode was prepared in the following manner with the polyimide precursor 
varnish obtained in Examples 2 to 4. 

[0073] A thin film of poiyanillne (which is an electroconductive polymer) was fonned on an UO electrode. Onto the 
thin film was applied by spin coating each sample of polyimide precursors of Examples 2 to 4, so that a 50 nm thicl( film 
was fonned. 

IS po74] The spin-coated film was baiced at 200''C for one hour for ring-closing imidization. On the spin-coated film was 
formed by vapor deposition a 50 nm thicic film of aluminum quinone (Alq3) (which is an electron transporting material). 
Finally, a cathode of magnesium-silver was fonned by vapor deposition. The cathode was coated with a 500 nm thiols 
aluminum film for protection against oxidation. The resulting element exhibited the voltage-luminance characteristics as 
shown in Fig. 4. 

20 [0075] Incidentally, in Fig. 4, denotes the polyimide thin film of Example 1 8 (which is obtained from the polyimide 
precursor vamish of Example 2), "A" denotes the polyimide thin film of Example 1 9 (which is obtained from the polyimide 
precursor varnish of Example 3), and denotes the polyimide thin film of Example 20 (which is obtained from the 
polyimide precursor vamish of Example 4). 

^ Examples 21 to 23 

Fluorescence characteristics of poiyimide thin film 

[0076] Each sample of the poiyimide precursor vamish (solution in polyamic acid) of Examples 2 to 4 was tested for 
30 fluorescence. Also, each sample of the polyimide precursor vamish In Examples 2 to 4 was made into a thin film by spin 
coating and ensuing bal<ing at 200*C for one hour, and the resulting thin film was tested for fluorescence. The results 
are shown in Table 4. The concentration of the polyimide precursor vamish (solution in polyamic acid) is as follows. 

Example 2: 3.16 x lO-^ mol/i 
35 Example 3: 3.32 X 1 Q-e mol/l 

Example 4: 3.31 x ^0^^ mol/l 



Table 4 



Example 


Fluorescence characteristics of solution 


Example 

for 
polyimide 
thin film 


Fluorescence characteristics of thin film 


Excitation 
wavelength 
(nm) 


Fluorescence 
wavelength 
(nm) 


intensity 
(au) 


Excitation 
wavelength 
(nm) 


Fluorescence 
wavelength 
(nm) 


Intensity 
(au) 


2 


308 


489 


940 


21 


315 


315-600 


100-250 


3 


306 


486 


498 


22 


290 


300-570 


200-600 


4 


308 


487 


920 


23 


290 


300-570 


1000-8000 



SO 

[0077] It is noted from Table 4 that all the samples emit intense fluorescence. It Is also noted that the polyimide thin 
film emits white light. 

55 Claims 

1. A diamlnobenzene compound represented by fomnula (1) below. 
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(where and each independently denotes a hydrogen atom, alkyi group, or alkoxyl group.) 

The diaminobenzene con^pound as defined in claim 1 , wherein R^ and R^ each independently denotes a alM 
group, 0^.20 alkoxyl group, or 0^.20 fluoroalkyi group. 

A poiylmide precursor which comprises repeating units represented by fomiula (2) below. 

H H 1 




H H 



(where R^ and R^ each independently denotes a hydrogen atom, alkyI group, or aikoxyl group; "A" denotes a 
residue of tetracarboxylic add; and n denotes an integer of 1 to 5000.) 

A poiylmide which comprises repeating units represented by formula (3) below. 
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H H 

(where and each independently denotes a hydrogen atom, alkyi group, or alkoxyl group; "A" denotes a 
residue of tetracarboxyllc acid; and n denotes an Integer of 1 to 5000.) 

5. A polyimlde precursor which is obtained by reaction between a diamine component containing at (east 1 mol% of 
the diamlnobenzene compound defined in claim 1 or 2 and a tetracarboxyllc acid or a derivative thereof. 

6. The polyimide precursor as defined in claim 5, wherein the tetracarboxyllc acid or the derivative thereof is an aromatic 
tetracarboxyllc acid or a derivative thereof. 

7. The poiyimide precursor as defined In claim 6, wherein the aromatic tetracari3oxylic acid is a tetracarboxyllc acid 
having phenyl groups or substituted phenyl groups. 

8. A polyimide which is obtained by ring-closing reaction from any of polyimide precursors as defined in claims 5 to 7. 

9. A charge canier transporting film which Is fomned from the polyimide as defined In claim 4 or 7. 

10. An organic transistor device which is the charge can'ier transporting film as defined in claim 9. 

11 • An organic light emitting diode which has at least one layer of the charge canier transporting film as defined In dalm 9. 

12. A fluorescent filter which is the charge carrier transporting film as defined in claim 9. 

13. A liquid crystal alignment film which is the charge canier transporting film as defined In claim 9. 
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FIG.1 
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FIG.2 
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FIG.3 
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FIG.4 
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